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FOREWORD 


This  report  was  prepared  at  the  National  Bureau  of  Standards,  Washington, 
D.  C.  on  Air  Force  Delivery  Order  No.  (33-616)57-5,  Amendment  4(60-130), 
Project  0(12-3066),  Task  30245.  The  work  was  administered  under  direction 
of  the  Power  Plant  Laboratory,  Wrighc  Air  Development  Division  with  initially 
Mr.  John  W.  Fulton  and  finally  Mr.  Elmer  E.  Buchanan  acting  as  project 
engineer  for  the  laboratory.  The  current  contract  is  No.  AF33(616)  61-01, 
Project  No.  2(1-3066),  Task  No. 306602,  under  the  direction  of  the  Propulsion 
Laboratory,  Aeronautical  Systems  Division. 

The  palladium  vs  platinum- 15%  iridium  thermocouples  for  the  calibration 
were  supplied  by  Mr.  L.  J.  Stiles  of  the  General  Electric  Company.  This  type 
of  thermocouple  was  developed  by  the  General  Electric  Company  to  meet  the 
need  for  a  sensor  for  temperature  measurement  and  control  up  to  2300*F  with 
a  large  thermoelectric  output. 

The  authors  acknowledge  with  appreciation  the  cooperation  and  assistance 
of  Mrs.  Minnie  R.  Hassle  and  Mrs.  Janet  T.  Davis  of  the  Temperature  Physics 
Section,  Heat  Division,  who  are  responsible  for  the  portion  of  the  table 
below  32*F,  of  Messrs.  Stanley  B.  Pruach  and  Vernon  Dantsler  of  the  Computa¬ 
tion  Section  of  the  Applied  Mathematics  Division  who  provided  the  data  for 
the  tables  from  the  observations  supplied,  and  of  Mrs.  Beulah  De  Wane  who 
arranged  and  typed  the  manuscript  and  the  extensive  tables  which  are  the 
heart  of  this  report. 
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ABSTRACT 


The  purpose  of  the  development  of  the  palladium  vs  platinum-15%  iridium 
(PFI)  thermocouple  was  for  measurement  of  temperatures  up  to  2300*F,  and  to 
obtain  a  high  thermal  sensitivity  in  this  range. 

Comprehensive  calibration  tables  have  been  prepared  giving  the  thermal 
emf  of  the  palladium  versus  platinum-151  iridium  thermocouple  system  in  the 
temperature  range  from  >80*  to  2550*F.  These  expanded  tables  are  given  in 
both  degrees  Celsius  and  Fahrenheit  at  intervals  of  one  degree  as  the 
argument.  Conversely,  similar  tables  using  electromotive  force  at  intervals 
of  10  microvolts  as  the  argument  are  presented.  It  is  believed  that  these 
expanded  calibration  tables  give  thermal  emf  values  better  than  0.11  for  the 
six  thermocouples  examined. 

Some  other  information  includes  a  table  of  the  observed  tempe r a tur e - emf 
relationship  of  the  PFI  negative  element  palladium  vs  platinum  Pt  27,  and  of 
the  positive  element  platinum-lSX  iridium  vs  platinum  Pt  27. 

The  method  used  in  calibrating  the  thermocouples  in  the  range  32*  to 
2550*F  is  described  briefly. 
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REFERENCE  TABLES  FOR  THE  PALLADIUM  VS  PLATINUM-157.  IRIDIUM  THERMOCOUPLE 


I.  INTRODUCTION 

The  palladium  vs  platinum- 15%  iridium  (PPI)  thermocouple  was  developed 
by  the  General  Electric  Company  [1]  for  the  Air  Force  as  a  reliable  sensor 
[1]  A  jet  engine  thermocouple  system  for  measuring  temperature  up  to 

2300*F,  Michael  E.  Ihnat,  The  General  Electric  Company  WADC  Technical 
Report  57-744,  December  1957. 

for  temperatures  up  to  2300°F.  This  temperature  is  above  the  maximum  limit 
for  continuous  use  of  the  conventional  base-metal  thermocouples.  The 
popular  and  reliable  platinum  vs  platinum-10%  rhodium  thermocouples  are 
suitable  in  this  temperature  range,  but  their  low  thermoelectric  output  and 
high  cost  have  precluded  their  use  in  engines.  The  PPI  thermocouple  has  an 
output  at  2300°F  that  is  about  80  percent  of  that  of  the  base-metal  thermo¬ 
couple  and  is  said  to  be  somewhat  less  expensive  than  the  platinum-IOZ 
rhodium  thermocouple. 

The  stability  of  the  PPI  thermocouple  is  described  in  reference  [1]  as 
a  deviation  of  "not  .  .  .  more  than  ±0.5  percent  when  subjected  to  an 
oxidizing  atmosphere  for  more  than  400  hours  in  the  1800°  to  2300*F  (982* 
to  1260*C)  temperature  range".  This  stability,  coupled  with  the  other 
favorable  characteristics  of  this  thermocouple,  looked  promising,  and 
development  of  a  reference  curve  was  undertaken  at  the  National  Bureau  of 
Standards  under  the  sponsorship  of  the  Wright  Air  Development  Division. 

Six  thermocouples  were  supplied  by  the  General  Electric  Company  for 
this  purpose.  Observations  were  made  on  all  six  thermocouples  from  32*  to 
2550®F,  and  on  two  in  the  range  of  -80*  to  +32*F.  Data  on  only  two  in  the 
low  range  seemed  adequate,  because  from  these  thermocouples  and  others 
examined  previously  the  differences  between  calibrations  of  sensors  in  the 
low  range  are  so  small  as  to  be  inappreciable. 

II.  DESCRIPTION  AND  COMPOSITION  OF  PPI  THEMOCOUPLES 

Each  thermoelement  of  the  six  PPI  thermocouples  submitted  for  calibra¬ 
tion  was  about  0.041  inch  in  diameter,  and  approximately  30  inches  long.  The 
elements  of  each  thermocouple  were  located  in  a  9-inch  length  of  a  high 
temperature  porcelain  insulator.  The  thermocouple  junctions  protruded  7/16 
inch  beyond  their  insulator  tubes.  For  purposes  of  identification  these 
thermocouples  were  numbered  one  through  six. 

The  nominal  composition  of  the  elements  of  this  thermocouple  system  is 
mentioned  by  the  supplier  as  follows: 


Manuscript  released  by  the  authors  December  1960  for  publication  as  an  ASD 
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(a)  Negative  element  is  chemically  pure  palladium;  and 

(b)  Positive  element  is  85%  platinum  +  15%  Iridium. 

III.  ANNEALING  PROCEDURE 

Some  observations  were  taken  at  the  request  o£  the  General  Electric 
Company  on  each  thermocouple  at  a  temperature  of  1400aF  only  in  the  as- 
received  condition,  but  all  thermocouples  were  annealed  before  taking  obser¬ 
vations  to  be  used  for  the  reference  table.  The  two  elements  were  cut  apart 
to  permit  different  annealing  procedures  for  them.  According  to  instructions 
received  from  the  General  Electric  Company,  the  platinum-15%  iridium  elements 
were  annealed  at  a  true  temperature  of  2372aF  (1300°C)  in  air  for  1  minute. 
Appropriate  corrections  to  observations  made  with  an  optical  pyrometer  take 
account  of  the  emissivity,  of  about  30  percent  of  the  platinum-15%  iridium 
wires . 

Instructions  on  annealing  the  palladium  wires  were  to  heat  them  to 
1382*F  (750*C)  for  25  minutes.  A  dark  coating,  assumed  to  be  a  surface 
oxide,  appeared  on  the  wires  at  this  temperature.  To  remove  this  coating, 
these  wires  were  flashed  to  about  1820aF  apparent  temperature,  and  then  were 
returned  to  the  prescribed  temperature,  where  they  were  held  for  25  minutes. 
The  dark  coating  was  removed  by  this  treatment,  but  after  25  minutes  of 
heating  at  the  recommended  temperature  the  wires  assumed  a  grayish  color. 

IV.  TEST  PROCEDURE  AND  APPARATUS 

The  equipment  used  for  this  work  was  of  the  conventional  types.  For 
observations  above  32aF,  a  specially  built  platinum-wound  porcelain  tube 
furnace  was  used.  The  tube  was  about  14  inches  long,  about  1/2-inch  inside 
diameter,  with  a  blfilar  nonlnductive  winding  of  0.6-nm  platinum  wire  along 
its  length.  The  temperature  along  the  tube  was  extremely  uniform  for  the 
central  10  inches  or  so,  and  constancy  of  temperature  was  attained  through 
the  use  of  a  regulator  that  is  said  to  provide  a  voltage  constant  to  0.01 
percent.  The  furnace  tube  was  insulated  with  about  3  Inches  of  unfused 
alumina  contained  in  a  stainless  steel  shell.  The  ends  of  the  insulation 
container  and  furnace  tube  support  were  of  transite. 

A  platinum  vs  platlnum-10%  rhodium  thermocouple  was  the  standard  com¬ 
parison  in  all  measurements  of  the  temperature-emf  relationships  of  the  PPI 
thermocouples  above  32*F.  This  standard  was  calibrated  before  use  and  after 
each  set  of  determinations.  Calibrations  were  made  against  a  platinum  vs 
platinum-10%  rhodium  thermocouple  that  had  a  primary  calibration,  and  was 
kept  especially  for  this  work.  Instead  of  using  the  normal  calibration 
techniques,  greater  accuracy  was  attained  by  calibrating  the  working  standard 
element  for  element  against  the  primary  standard,  i.e.  the  platinums  against 
each  other  and  the  alloy  wires  also.  In  addition  the  temperature-emf 
relations  were  determined  for  each  element  of  the  working  standard  against 
platinum  Ft  27.  As  a  result,  all  values  of  thermal  emf  of  the  individual 
elements  of  the  FFI  thermocouple  system  can  be  referred  to  the  platinum 
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standard,  Pt  27,  maintained  at  the  National  Bureau  of  Standards.  The  thermal 
emf  of  the  working  standard  did  not  change  more  than  4.4  microvolts  during 
three  complete  sets  of  observations.  The  greater  part  of  this  total  change 
took  place  during  the  Initial  calibrations,  and  checks  after  the  second  and 
third  sets  of  observations  showed  only  very  small  changes  in  the  standard. 

A  Leeds  and  Northrup  type  K-3  potentiometer  was  used  for  all  measurements  of 
emf  and,  of  course,  all  reference  junctions  were  at  32 °F  in  properly  prepared 
and  maintained  ice  baths. 

During  the  tests,  the  standard  and  two  PP1  thermocouples  were  threaded 
in  2-  and  4-hole  porcelain  insulators,  respectively.  These  two  insulator 
tubes  were  lashed  together  with  platinum  wire,  and  the  junctions  of  the 
standard  and  two  test  thermocouples  were  welded  together.  This  system  was 
then  inserted  about  8  inches  in  the  furnace,  and  with  immersion  in  the  zone 
of  uniform  temperature  of  at  least  6  inches,  effects  of  conduction  along  the 
wires  and  tubes  were  practically  nonexistent.  Ends  of  the  furnace  tube  were 
plugged  to  avoid  effects  of  drafts  in  the  room. 

In  taking  observations  above  32*F,  initial  readings  were  taken  at  room 
temperature,  the  furnace  temperature  was  then  regulated  to  be  constant  at 
100*F,  and  observations  were  taken  on  both  the  standard  and  test  thermo¬ 
couples.  This  was  repeated  at  intervals  of  50*F  up  to  2300*F,  after  which 
a  repeat  reading  was  taken  at  the  top  temperature.  Headings  then  were  taken 
in  a  descending  order  at  intervals  of  50*F  down  to  100*F. 

After  this  series  taken  in  order  to  have  the  complete  set  of  ascending 
and  descending  values  unaffected  by  exposure  to  temperatures  above  2300*F, 
another  series  from  2300°  to  2550*F  in  steps  of  50*F  was  taken,  and  these 
operations  were  repeated  in  a  descending  order  to  2300*F. 

Observations  below  32°F  were  taken  in  the  Temperature  Physics  Section, 
Heat  Division  of  the  National  Bureau  of  Standards,  and  their  cooperation  is 
gratefully  acknowledged.  Measurements  were  made  in  a  stirred  bath  of  a 
cryogenic  liquid,  and  the  standards  and  techniques  used  were  such  that  the 
table  probably  is  most  accurate  from  -80*  to  32®F,  the  range  in  which  cali¬ 
brations  were  made  by  the  Temperature  Physics  Section.  Because  of  the  nearly 
exact  agreement  between  thermocouples  calibrated  in  this  range,  from  both 
this  and  previous  lots,  only  two  thermocouples,  3  and  4,  were  selected  at 
random  for  calibration  in  the  low  range. 

V.  RESULTS  AND  DISCUSSION 

The  principal  results  of  this  work  are  the  reference  tables  3,  4,  5,  and 
6.  Some  other  information  arising  from  the  experiments  are  of  interest, 
however,  and  are  presented. 

As  requested  by  the  General  Electric  Company,  comparisons  were  made 
between  the  emfs  at  a  temperature  of  1400°F  at  General  Electric  and  NBS  in 
the  as-received  condition  of  six  thermocouples.  These  comparisons  follow  in 
table  1. 
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Table  1 


Comparison  of  National  Bureau  of  Standards 
and  General  Electric  Company  Calibrations 
of  Six  Thermocouples 


Thermocouple 

No. 

Emf  Output  at 
1400 *F 

NBS  GE 

NBS  Minus  GE 
Emf 

UV  *F 

1 

20.905 

20.871 

34 

1.7 

2 

20.920 

20.876 

44 

2.2 

3 

20.932 

20.879 

53 

2.7 

4 

20.895 

20.879 

16 

0.8 

5 

20.900 

20.859 

41 

2.1 

6 

20.904 

20.887 

17 

0.9 

The  NBS  check  measurements  at  a  temperature  of  1400*F  show  the  emf  of 
each  thermocouple  to  be  slightly  greater  than  that  of  the  General  Electric 
Company  at  this  temperature.  This  may  be  a  result  of  cold  working  of  the 
wires  or  of  different  test  procedures  between  the  two  laboratories.  Even 
so,  the  maximum  difference  between  the  two  laboratories  at  1400*F  is  2.7*F 
or  less  than  0.2  percent.  When  compared  to  the  regular  tolerance  of  3/4 
percent  for  the  conventional  base-metal  thermocouples,  or  3/8  percent  for 
selected  wires,  this  difference  is  seen  to  be  relatively  small.  The  minimum 
difference  found  is  only  0.8aF  or  about  0.05  percent,  which  is  very  close 
agreement . 

The  degree  of  agreement  between  the  six  thermocouples  after  annealing 
and  calibration  is  seen  in  figure  1.  This  shows  the  deviations  of  the 
individual  measurements  of  six  thermocouples  from  the  values  shown  in  table 
6.  The  individual  measurements  are  averages  of  readings  taken  in  ascending 
and  descending  order.  The  maximum  spread  between  any  two  thermocouples  is 
seen  to  range  from  11  microvolts  at  500*F  to  66  microvolts  at  2500*F. 

These  values  correspond  to  0.8°  at  500*F,  and  2.8*  at  2500*F.  In  part 
these  deviations  are  due  to  differences  in  the  thermocouples.  The  varia¬ 
tions  are  small,  however,  about  0.16  percent  at  500*F  and  0.11  percent  at 
2500°F .  Table  6  thus  provides  a  reference  table  that  is  probably  better 
than  0.1  percent  for  the  thermocouples  examined.  As  mentioned  before  only 
two  thermocouples  were  calibrated  in  the  temperature  range  of  -80*  to  +32*F, 
and  these  showed  excellent  agreement. 

The  expanded  reference  tables  are  arranged  in  the  following  manner. 
Table  3  gives  the  electromotive  force  in  millivolts  with  the  corresponding 
temperatures  in  degrees  Celsius  (Centigrade),  and  conversely  table  4  gives 
degrees  Celsius  and  corresponding  emfs  in  millivolts.  Similar  tables  5  and 
6  were  prepared  with  the  temperature  given  in  degrees  Fahrenheit.  The 
tables  give  the  temperature-emf  equivalents  for  the  FPI  thermocouple  in 
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FIGURE  I  DIFFERENCE  PLOTS  SHOWING  CALIBRATION  PERFORMANCE  OF 
PALLADIUM  VS  PLATINUM*  15 %  IRIDIUM  THERMOCOUPLES 


degrees  Fahrenheit  and  in  degrees  Celsius  at  one  degree  intervals.  In  the 
other  two  tables,  the  electromotive  force  as  the  argument  is  given  at 
intervals  of  10  microvolts.  These  intervals  are  small  enough  that  for  most 
uses,  particularly  in  the  upper  temperature  range,  the  tables  may  be  used 
practically  without  interpolation.  All  tables  are  based  upon  the  absolute 
electrical  units  and  the  International  Temperature  Scale  of  1948. 

The  assistance  of  the  Computation  Section  of  the  Applied  Mathematics 
Division  of  the  National  Bureau  of  Standards  with  the  use  of  their  "704 
Black  Box  Computer  Service"  in  making  the  necessary  computations  for  the 
comprehensive  edition  of  the  reference  tables  is  gratefully  acknowledged. 

In  the  use  of  these  tables,  small  apparent  inconsistencies  will  be 
found.  These  small  differences  result  from  rounding,  and  have  been  allowed 
to  remain.  It  is  believed  these  negligible  differences  will  not  exceed  more 
than  2  microvolts  for  a  given  temperature  in  the  four  tables. 

On  referring  to  table  6,  it  can  be  seen  the  thermoelectric  power 
(dE/dT)  (where  B  is  thermal  emf  and  T  is  temperature)  is  low,  about  14  micro¬ 
volts  per  degree  Fahrenheit  at  a  temperature  of  500*F,  but  increases  and 
approximates  that  of  the  conventional  base-metal  thermocouples  in  the  region 
of  1700*F  and  surpasses  it  in  the  higher  temperature  range.  The  thermo¬ 
electric  power  is  about  23  to  24  microvolts  per  degree  Fahrenheit  in  the 
temperature  range  of  1900*  to  2550*F. 

Observations  of  emf  of  each  element  of  the  PFI  thermocouple  system 
against  the  platinum  element  of  the  working  standard  were  taken  throughout 
the  calibration  runs .  As  mentioned  previously,  a  relationship  was  established 
between  the  working  platinum  element  and  platinum  Ft  27.  Table  2  gives  the 
temperature -emf  relations  of  platinum-151  iridium  against  Ft  27,  and  of 
palladium  against  Ft  27. 

The  tempera ture-emf  relationships presented  in  this  table  are  averaged 
normalised  values  derived  from  the  data  of  elements  of  all  six  thermocouples. 
The  difference  of  these  unsmoothed  thermal  emfs  of  the  individual  elesmnts 
of  the  FFI  thermocouple  system  against  platinum  agrees  with  the  thermocouple 
emf  found  in  table  6  within  several  microvolts  at  most  temperatures.  However, 
a  few  larger  differences  exist  but  they  are  not  greater  than  7  microvolts. 

The  reference  tables  were  of  course,  prepared  from  the  FFI  thermocouple  out¬ 
puts. 


VI.  CONCLUSIONS 

Comprehensive  reference  tables  for  the  palladium  vs  platlnum-15X  iridium 
thermocouple  system  have  been  determined.  Since  the  primary  purpose  for  the 
development  of  the  FFI  thermocouple,  from  WADC  TR  57-744,  appears  to  have 
been  to  extend  the  range  over  that  of  conventional  base-metal  sensors,  that 
purpose  has  been  accomplished  by  the  palladium  vs  platinum- 15%  iriditan 
thermocouple  with  no  loss,  and  even  a  slight  gain  of  sensitivity  in  the 
temperature  range  of  particular  interest,  1900*  to  2300*F. 
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Table  2 


Thermal  Emf  of  Palladium  vs  Platinum- 15%  Iridium 
Thermoelements  Relative  to  Standard  Pure  Platinum  (NBS  Pt  27) 


Platinum- 

Palladium 

Platinum- 

Palladium 

Temp. 

15%  Iridium 

Temp. 

15%  Iridium 

•P 

Millivolts 

*F 

Millivolts 

32 

0.000 

0.000 

1350 

13.131 

-6.785 

100 

0.501 

-0.204 

1400 

13.692 

-7.218 

150 

0.895 

-0.360 

1450 

14.253 

-7.661 

200 

1.309 

-0.521 

1500 

14.818 

-8.122 

250 

1.740 

-0.688 

1550 

15.386 

-8.593 

300 

2.190 

-0.861 

1600 

15.950 

-9.080 

350 

2.651 

-1.039 

1650 

16.528 

-9.577 

400 

3.124 

-1.224 

1700 

17.099 

-10.087 

450 

3.604 

-1.413 

1750 

17.679 

-10.608 

500 

4.094 

-1.611 

1800 

18.258 

-11.142 

550 

4.592 

-1.817 

1850 

18.844 

-11.688 

600 

5.096 

-2.034 

1900 

19.422 

-12.245 

650 

5.607 

-2.259 

1950 

20.010 

-12.812 

700 

6.124 

-2.496 

2000 

20.592 

-13.390 

750 

6.644 

-2.743 

2050 

21.183 

-13.976 

800 

7.168 

-3.004 

2100 

21.768 

-14.571 

850 

7.696 

-3.276 

2150 

22.356 

-15.177 

900 

8.226 

-3.561 

2200 

22.943 

-15.787 

950 

8.759 

-3.860 

2250 

23.526 

-16.403 

1000 

9.296 

-4.173 

2300 

24.103 

-17.033 

1050 

9.838 

-4.502 

2350 

24.681 

-17.665 

1100 

10.382 

-4.846 

2400 

25.262 

-18.306 

1150 

10.928 

-5.204 

2450 

25.840 

-18.954 

1200 

11.475 

-5.577 

2500 

26.413 

-19.603 

1250 

12.028 

-5.966 

2550 

26.989 

-20.266 

1300 

12.579 

-6.368 
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TABLE  3.  PALLADIUM  VERSUS  PLATINUM-  15X  IRIDIUM  THERMOCOUPLES 


o 

o 

O 


<0 


U 

u 

O 

0) 

H 

M 


08 

(0 

u 

u 

o 

o  o  o 

o  o  o 

O  O  O 
©  O  O 

o 

ooo 
©  ©  o 

ooo 
o  o  o 

ooo 

o 

rH 

o 

o 

o  o  o 

o  o  o 

p 

ooo 

o 

0 

> 

o 

r-i  N  n 

^  m  so 

oo  O' 

© 

rH  CM  CO 

stf  in  so 

N  00  OS 

o 

> 

•H 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

* 

•H 

H  H  pH 

pH  pH  rH 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CO 

pH 

rH 

rH 

*H 

H 

X 

X 

© 

Os 

os  oo 
•  •  • 

vO  -4  CM 
•  «  • 

OS  P**  CO 
•  •  • 

o 

P"**  CM  00 
•  •  • 

CO  00  co 
•  •  • 

OO  CM  lO 
•  •  • 

o 

8 

o 

r^. 

cm  p**  cm 

cm  r>> 

rH  SO  rH 

'O 

o  m  <j\ 

-4  oo  m 

r-*  cm  o 

pH 

rH 

m 

iO  vO  h« 

oo  oo 

O'  O'  o 

o 

rH  H  H 

cm  cm  m 

co  -4  -4 

m 

• 

rH 

1-4 

rH  rH  H 

rH  rH  H 

rH  rH  rH 

rH 

-4 

*4  -4  cm 
•  •  • 

H  O'  ^ 

m  cm  os 

VO 

CM  00  CO 

O'  -4  oo 

CO  00  CM 

V0 

o 

o 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  « 

• 

Os 

OS 

cm  h*  cm 

.h  so 

H  vO  O 

m 

0-4  0' 

CO  00  CM 

C-  i-l  *> 

o 

o 

© 

m 

\0  ^O  N 

oo  oo 

O'  O'  o 

o 

rH  rH  rH 

CM  CM  CO 

CO  -4  -4 

m 

• 

H 

rH 

pH  rH  rH 

rH  rH  rH 

rH  rH  «H 

pH 

Os 

O'  O'  00 

vO  -4  CM 

o  c- 

rH 

N  CO  00 

-4  O'  -4 

O'  CO  00 

rH 

o 

o 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

00 

§ 

so 

rhOH 

sO  H  lO 

rl  m  o 

m 

O'  -4  00 

co  r*  cm 

SO  rH  in 

o 

o 

m 

vO  vO  N 

C-  00  00 

O'  O'  O 

o 

O  rH  rH 

CM  CM  co 

co  -4  -4 

m 

• 

• 

rH 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

pH 

«4  «4  CO 

H  OS  N 

m  CM  O 

SO 

m  o> 

o  m  o 

m  OS  CO 

n*. 

o 

o 

• 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

n* 

sO 

rH  V OH 

iSOm 

amp 

Os  os  O 

3 

Os  CO  00 

O  tH  r-l 

co  r-  cm 

so  o  m 

<5 

o 

o 

m 

sO  sO  rs 

oo  oo 

CM  CM  CO 

co  >t  ^ 

• 

• 

rH 

pH 

H  H  rH 

rH  rH  pH 

rH  rH  pH 

rH 

os 

O  (MS 

vO  <t  N 

o  co  m 

rH 

00-4-0 

in  o  m 

o  m  o' 

CO 

o 

o 

• 

•  •  • 

•  •  • 

•  »  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

SO 

SO 

m 

-c  m  o 

mom 

O  >4  O' 

3 

oo  co  oo 

CM  f'' 

sO  ©  *4 
fO  ^ 

<5 

o 

o 

m 

vO  vO  r~ 

r**  oo  oo 

O  rH  r-l 

Csl  CM  CO 

H  rH  rH 

• 

rH 

rH  rH  rH 

rH  rl  pH 

pH 

u 

m  -4  co 
•  •  • 

H  O  00 

m  co  o 

P*. 

mom 

O  'O  r-t 

'0  0-4 

oo 

o 

o 

08 

• 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

m  o  -4 

CO  -4  -4 

• 

m 

m 

0) 

m 

omo 

ul  O  -4 

O'  -O’  O' 

CO 

oo  n  n 

CM  M3  r-l 

3 

o 

o 

0) 

m 

\0  vO  i** 

r*  oo  oo 

oo  OS  OS 

o 

O  rH  rH 

CM  CM  CO 

• 

• 

V-i 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

pH 

M 

0) 

Q 

Os 

O'  Os  00 

Nin  cn 

Hcom 

CM 

O'  m  o 

SO  rH  SO 

.-i  >o  o 

-4 

o 

040 

i 

•  •  • 

Os  ^  Os 

m  so  so 

•  •  • 

nt  Os 
n*  oo 

•  •  • 

O'  o  oo 

00  O'  O' 

• 

CO 

o 

•  •  • 

N  CS|  N 
O  rH  rH 

•  •  • 
HiOO 

CM  CM  CO 

•  •  • 
•o  O'  <4 
CO  CO  -T 

• 

oo 

-4 

3 

• 

• 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

rH 

-4  -4  <o 
•  •  • 

cs  O  oo 

vo  n  h 

P^ 

<4  o  m 

CM  1^  CM 

n  h  m 

o 

o 

• 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

-4  O'  CO 

• 

O 

CO 

a 

Os  ^  Os 

m  so  so 

m 

00  co  00 

CM 

C  M  'S 

r-l  m  o 

00 

co 

o 

P"*  P-*  oo 

00  OS  os 

o 

O  rH  rH 

CM  CM  CO 

CO  CO  -4 

*4 

o 

H 

rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

rH 

• 

Os 

f'-  vO  -4 

CM  O'  vO 

cn 

0"0  N 

r-  cm  r» 

CM  N  H 

m 

o 

o 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

CM 

N 

co 

00  co  oo 

co  oo  co 

00  CM  N 

CM 

VO  rH  vO 

o  m  o' 

-4  00  co 

o 

o 

in 

Ift'OvO 

p^  p^  oo 

00  O'  Os 

o 

O  rH  rH 

CM  CM  CM 

co  co  -4 

-4* 

• 

rH 

j  rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

pH 

-4 

-4  ~4  m 
•  •  • 

CM  H  O' 

P***  •4’  »H 

oo 

in  rH  P^ 

CM  00  CO 

00  CM  P"** 

rH 

o 

o 

•  •  • 

•  •  • 

• 

r  •  t 

•  •  • 

•  •  • 

• 

rH 

CO 

00  CO  00 

CO  00  CM 

IN  CM  N 

rH 

SO  rH  m 

O  -4  O' 

CO  00  CM 

o 

o 

m 

in  \o  *o 

r>*  h-  oo 

o 

O  rH  rH 

CM  CM  CM 

CO  CO  -4 

*4* 

• 

rH 

H  H  rH 

rH  rH  rH 

rH  rH  rH 

Os 

r-~  vo  -4 

CM  OS  N 

CO 

O  C-  <N 

00  CO  00 

to  00  CM 

vO 

o 

o 

o 

• 

CM 

i**-  cm 

•  •  • 

CM  Is*  CM 

•  •  • 

P*.  «H  SO 

rH 

•  •  ■ 

!  so  o  m 

•  •  • 

O'  -4  00 

co  p*  cm 

sO 

8 

o 

m 

m  vo  vt> 

P^  P^  00 

o 

O  rH  rH 

rM  CM  CM 

co  co  -4 

Mt 

• 

H 

rH  rH  rH 

H  rH  rH 

rH  rH  rH 

rH 

08 

4J 

888 

08 

44 

H 

o 

O 

© 

888 

8  8  8 

o  o  o 
o  o  o 

O 

o 

o  o  o 
o  o  o 

888 

§ 

rH 

o 

> 

5 

H  CS  CO 
•  •  • 

•4  HI  'O 
•  •  • 

n*  oo  os 

o 

>-i  cm  m 

-4  m  vo 

r'  oo  O' 

o 

> 

• 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

• 

•rH 

H  H  rH 

H  rH  H 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CO 

rH 

rH 

JL 

rH 

JL 

i 


ASD-TDR-62-525 


9 


TABLE  3.  PALLADIUM  VERSUS  PLATINUM- 15%  IRIDIUM 
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TABLE  4.  PALLADIUM  VERSUS  PLATINUM-15  IRIDIUM  THERMOCOUPLES 
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TABLE  4.  PALLADIUM  VERSUS  PLATINUM-  15%  IRIDIUM  THERMOCOUPLES 
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PALLADIUM  VERSUS  PLATINUM- 15X  IRIDIUM  THERMOCOUPLES 
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*Based  on  che  International  Temperature  Scale  of  1948 


TABLE  5.  PALLADIUM  VERSUS  PLATINUM- 15%  IRIDIUM  THERMOCOUPLES 
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TABLE  5.  PALLADIUM  VERSUS  PLATINUM-151  IRIDIUM  THERMOCOUPLES 
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TABLE  5.  PALLADIUM  VERSUS  PLATINUM- 15%  IRIDIIM  THERMOCOUPLES 
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PALLADIUM  VERSUS  PLATINUM- I5X  IRIDIUM  THERMOCOUPLES 


o  o  o 
o  o  o 

rl  N  M 


888 
•4-  m  sO 


ooo 
o  o  o 

00  On 


§88 

888  888 

8 

H  cm  n 

5  «  >0  NC0  Oi 

© 

00*  OO  00* 

00  CO  SO  00  00  00 

ON 

H  H  H 

H  r4  H  p)  H  H 

H 

m 

oo 

CM 

vO 

O'  n  m 

00  CM  -J- 

CM* 

p^ 

CO 

00 

n  on  ^ 

on  m  o 

o 

o 

rM 

cm  cm  cn 

co  mi-  m 

CM 

CM 

CM 

CM 

CM  CM  CM 

CM  CM  CM 

H 

H 

rH 

W 

H  H 

r"l  »H  rM 

ON 

cn 

r- 

H 

o 

m  \o  o> 

H 

CM 

00 

on  oo  -a1 

on  -4*  O' 

o 

o 

*— H 

pH 

CM  CM  cn 

CO  -0- 

CM 

CM 

CM 

CM 

CM  CM  CM 

CM  CM  CM 

H 

H 

pH 

pH 

H  H  rl 

pH  H  iH 

•a- 

00 

CM 

m 

co  n  n 

00  -M  -4- 

NO 

CM 

CM  00  CO 

oo  «a-  o' 

o 

o 

H 

H 

cm  cm  cn 

CO  <t 

CM 

CM 

CM 

CM 

CM  CM  CM 

CM  CM  CM 

on  cm  m 

N  O'  H 

>J  «  N 

ON 

O  VO  H 

no'  H  P* 

CM  P> 

CM 

fN. 

VO  NO  N 

P^  00  oo 

Oi  «  o 

o 

CM  CM  CM 

CM  CM  CM 

CM  CM 

cn 

cn 

H  rM  H 

H  H  H 

H  H 

«H 

H 

*4  on 

CM  *4  sO 

00  *H 

CM 

•4 

o  m  o 

NO*  pH  NO* 

H  P"«* 

CM 

1^. 

vO  vO  N 

oo  oo 

ON  ON 

O 

o 

CM  CM  CM 

CM  CM  CM 

CM  CM 

cn 

cn 

H  H  H 

H  H  H 

H  H 

i-i 

O'  CM  «4 

N  O'  H 

cn  m 

Ps. 

ON 

on  m  o 

m  ©  no 

pH  SO 

H 

SO* 

m  vo  n 

oo  co 

ON  ON 

O 

O 

CM  CM  CM 

CM  CM  CM 

CM  CM 

cn 

cn 

cn 

NO 

o 

cn 

NO 

ON 

cn 

NO 

00 

sO 

H 

CM 

p>* 

CM 

00 

cn 

00 

o 

H 

rM 

CM 

CM 

cn 

cn 

<* 

s+ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

^  <r 

00 

Pn.  rH 

cn 

• 

« 

« 

• 

•  • 

•  • 

• 

m 

H 

NO 

*■4 

r*.  cm 

r-  cn 

00 

o 

H 

H 

CM 

cm  cn 

m  <*  -a- 

CM 

CM 

CM 

CM 

CM  CM 

CM  CM 

CM 

on  ^  on 
(O  vO  vD 
CM  CM  CM 


00  *4  ON 
lA  vO  vO 
CM  CM  CM 


mom 
r*  oo  oo 

CM  CM  CM 


4  on  m 
oo 

CM  CM  CM 


O  VO  *-H 
ON  ON  O 
CM  CM  CO 


o  m  o 

ON  ON  O 
CM  CM  CO 


cn 

vO  o  <t 

n  h  cn 

on  cn 

• 

•  •  • 

•  •  • 

•  •  • 

ON 

4  o  m 

O  NO  H 

no  «-h  r- 

ON 

O  H  H 

CM  CM  cn 

cn  -4*  *4 

fH 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

r-*  cm  p"* 

m  no  no 

CM  CM  CM 


NO  CM  N 

m  no  no 
CM  CM  CM 


CO  00  CO 

oo 

CM  CM  CM 


CM  N  n 

oo 

CM  CM  CM 


00  CO  ON 
00  ON  ON 
CM  CM  CM 


00  CO  oo 
00  On  ON 
CM  CM  CM 


n  in  is 

o  cn  m 

NO  on  r-l 

*  *  * 

•  »  • 

•  •  • 

no  H  sO 

CM  P**  CM 

cm  oo 

m  no  no 

p^  rx  oo 

00  ON  ON 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

m  o  no 
m  no  no 

CM  CM  CM 


H  vO  H 

oo 

CM  CM  CM 


pH  *4  sO 
•  *  • 
rs  cm  rs 
00  On  ^ 
CM  CM  CM 


88  8  888 

888 

8 

r-l  CM  cn  «4“  m  NO 

00  On 

O 

oo  oo  oo  oo  oo  oo 

00*  oo*  oo* 

ON 

pH  pH  pH  pH  H  ^H 

pM  H  H 

H 

[illivoits  I  .000  .  010  .  020  .  030  .  040  .  050  .  060  .  070  .  080  .  090  100  Millivol 


HUM  VERSUS  PLATINUM- 15*  IRIDIUM  THEMOCOUPLES 


in 


01 

CO 

4J 

4J 

pg 

0 

8 

888 

o  o  o 
o  ©  © 

o  o  o 
o  o  o 

2 

888 

888 

000 

000 

O 

O 

pg 

0 

> 

o 

H  N  IO 

4  in  so 

N  00  ON 

0 

r-4  CM  CO 

4  in  vo 

rs  00  O' 

0 

> 

•g 

• 

•  *  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•g 

h 

pH 

on 

On  ON  On 

0 

000 

©oo 

OOO 

pg 

rH 

• 

pH 

r-g 

pH  pH  i-H 

pg  i-g  t*g 

pH  rg  pg 

cs 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

pg 

eg 

«g 

eo 

u 

X 

(« 

ON 

h  n  ^ 

m  n  oo 

O'  o  r 

CM 

CO  CO  ^ 

4  m  m 

m  m  m 

VO 

a 

o 

8 

r** 

•  •  • 

CO  oo  co 

•  •  • 

00  co  00 

CO  ON 

o\ 

4  O'  4 

•  •• 

O'  4  O' 

•  •  • 

4  0"} 

ON 

8 

«*g 

H 

o 

r  P  <N 

Nrtn 

St  «4  uN 

m 

*  <C  N 

n-  00  00 

ON  ON  O 

0 

pH 

AJ 

• 

CO 

CO  CO  CO 

co  co  CO 

CO  CO  CO 

CO 

CO  CO  CO 

co  co  co 

CO  CO  4 

4 

• 

H 

pg  »-i  pg 

r-g  »—l  r-4 

g  rg  rg 

pg 

pg  pg  rg 

pg  pg  pg 

•g  pg  pg 

pg 

1 

4 

vO  rs  O' 

o  n  n 

4  m  m 

r- 

00  00  ON 

O'  0  0 

OOO 

rg 

o 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

0 

4) 

on 

eg  eg 

oo  co  oo 

CO  00  co 

oo 

CO  00  CO 

00  4  O' 

4  O'  4 

O' 

ON 

y 

© 

o 

H  H  M 

eg  co  co 

St  St  m 

m 

lO  vfl  N 

n-  00  00 

ON  ON  O 

0 

0 

S 

CO 

co  co  co 

co  co  co 

CO  CO  CO 

co 

co  co  co 

co  co  co 

m  <n  4 

4 

0) 

w 

»g 

»g  h  h 

g  g  g 

r4  rg  pg 

pg 

i-g  pg  pg 

h  »g  pg 

pg  pg  r—4 

pg 

0) 

mh 

On 

r-t  CS  <4 

in  n  oo 

O'  o  o 

CM 

co  co 

4mm 

m  m  m 

vO 

o 

•  •  • 

•  •  ♦ 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

O 

« 

00 

v© 

eg  eg 

N  eg  N 

eg  oo  co 

00 

co  00  co 

00  <0  00 

co  00  co 

00 

00 

o 

O 

*g  *g  n 

eg  co  co 

st  st  m 

m 

vo  rs 

e*.  00  00 

O'  O'  0 

0 

0 

CO 

co  co  co 

CO  CO  CO 

cO  cO  co 

co 

CO  CO  co 

co  co  co 

co  co  4 

4 

• 

« 

r-l 

h  h  t*g 

t-4  i-g  i-g 

pg  rg  rg 

rg 

pg  rg  »g 

pg  pg  pg 

pg  pg  pg 

pg 

•4- 

m  n  oo 

ONrt 

4mm 

r^. 

P**  00  ON 

O'  O  O 

OOO 

pH 

CO 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

0 

4) 

r- 

NO 

H  VO  H 

N  N  N 

eg  e*  eg 

cm  cm 

r-  co  00 

co  00  co 

00 

« 

o 

o 

r-4  r-i  eg 

eg  co  co 

st  4  m 

m 

vo  vo  rs. 

ao  co 

O'  O'  O 

0 

0 

• 

CO 

CO  CO  CO 

co  co  co 

CO  CO  CO 

CO 

CO  CO  CO 

co  co  co 

co  CO  4 

4 

60 

H 

r-4  pg  r-g 

r-g  g  t-g 

rg  pg  pg 

rg 

«g  rg  pg 

«g  rg  rg 

pg  pg  pg 

pH 

5 

ON 

O  eg  co 

m  so  e- 

O'  o  o 

CM 

N  O  4 

•4-  m  m 

m  m  m 

NO 

d 

o 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

0 

•g 

NO 

lO 

H  vO  H 

vO  t->  vO 

g  n  eg 

r^. 

CM  CM 

N  CM  N 

cm  r*.  CM 

nO 

o 

o 

r-4  rg  eg 

eg  co  co 

st  st  m 

m 

vO  SJ  IS 

co  00 

O'  O'  0 

0 

0 

4) 

CO 

co  co  co 

co  co  co 

co  co  co 

co 

co  co  co 

co  co  co 

co  co  4 

4 

H 

r-4 

r-4  rg  i—4 

rg  rg  rg 

«g  »-g  g 

rg 

•g  pg  rg 

rg  pg  pg 

pg  pg  pg 

pH 

3 

U 

cd 

CO 

•4- 

m  p^.  oo 

O  n  n 

4mm 

NO 

rs  oo  on 

O'  0  0 

OOO 

pH 

m 

o 

41 

• 

•  •  • 

•  •  • 

•  •  ■ 

• 

•  •  • 

•  •  • 

III 

• 

0 

<V 

m 

4) 

m 

o  m  o 

NO  rg  NO 

g  vo  g 

NO 

pg  no  pg 

no  cm 

CM  f***  CM 

e* 

m 

& 

o 

M 

o 

h  g  n 

eg  co  co 

st  St  m 

in 

so  >o  rs 

r*-  co  oo 

O'  O'  0 

0 

0 

a 

M 

CO 

co  co  co 

co  co  co 

CO  CO  CO 

co 

CO  CO  CO 

co  co  co 

P1CI4 

4 

• 

H 

£ 

H 

g  h  g 

rg  rg  rg 

*g  r-g  pg 

«g 

pg  rg  pg 

pg  pg  pg 

pg  pg  r-i 

rH 

00 

ov  <s  <n 

m  no  n 

00  o  o 

rg 

n  n  4 

4mm 

m  m  m 

m 

• 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

0 

00 

-4 

O'  m  o 

mom 

OvO  n 

NO 

rg  NO  rg 

lOHlO 

rg  NO  tg 

NO 

•u 

o 

O 

O  H  N 

eg  co  co 

4  st  m 

m 

NO  NO 

r-  ao  ao 

O'  O'  0 

O 

0 

pH 

CO 

co  CO  co 

co  co  co 

co  co  co 

CO 

CO  CO  CO 

CO  co  CO 

co  co  4 

4 

« 

O 

> 

pH 

1—4  *—4  r-g 

ggg 

ggg 

rg 

pg  pg  pg 

r-l  r-l  r-l 

rg  PH  rg 

rH 

•g 

pg 

co 

•4  vO  00 

on  r-g  eg 

co  m  m 

NO 

N  00  ON 

O'  0  0 

OOO 

0 

H 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

0 

*g 

co 

■4 

ON  4  ON 

•tom 

o  m  o 

in 

0  in  0 

in  pg  no 

pg  no  rg 

NO 

m 

x 

o 

O 

O  r-l  f-l 

eg  co  co 

44m 

in 

vO  vO  rs 

00  00 

O'  O'  0 

O 

0 

CO 

(O  CO  CO 

co  co  co 

co  cO  co 

CO 

CO  CO  CO 

CO  CO  CO 

CO  CO  4 

4 

• 

4) 

U 

r4 

r-4  rg  r-4 

H  r-4  r-4 

rg  g  pg 

pg 

rg  rg  rg 

pg  pg  pg 

pg  pg  pH 

rH 

3 

H 

00 

On  r*g  CO 

4  m 

00  O'  O 

g 

CM  co  >3- 

4mm 

m  m  m 

m 

o 

o 

•  •  « 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  ■ 

•  •  • 

• 

0 

00 

eg 

co 

00  -4  O' 

st  O'  4 

O'  4  0 

m 

0  m  0 

mom 

O  «n  0 

m 

CM 

Xi 

o 

o 

o  gg 

eg  eg  co 

co  4  m 

m 

vo  vo  rs 

00  00 

O'  O'  O 

0 

0 

< 

• 

CO 

CO  CO  CO 

co  co  co 

CO  CO  co 

co 

co  co  co 

CO  CO  CO 

CO  CO  4 

4 

• 

a 

1—4  rg  »—4 

rg  rg  r— 4 

rg  rg  rg 

rg 

pg  pg  pg 

pg  pg  pg 

h  pg  pg 

pH 

•g 

CO 

St  VO  00 

at  o  is 

co  *4*  m 

NO 

rs  00  co 

O'  O'  0 

OOO 

0 

<u 

o 

• 

*  •  • 

•  •  • 

•  •  • 

• 

•  •  « 

•  •  • 

•  •  • 

• 

0 

o 

H 

CO 

OO  CO  00 

CO  ON  Sf 

C*  ON 

4 

ON  ^  ON 

4  o'  m 

0  m  0 

m 

pH 

Vi 

o 

o 

O  rg  rg 

eg  eg  co 

CO  4  4 

m 

m  no  no 

r*.  r*  00 

ON  ON  O 

0 

0 

O 

CO 

co  co  co 

CO  co  co 

co  cO  co 

co 

co  co  co 

co  co  co 

co  co  4 

• 

*« 

»-g 

rg  rH  f—4 

1-4  rg  rg 

r-g  rg  rg 

pH 

pg  pg  pg 

pg  »g  pg 

pg  rg  rg 

rH 

« 

> 

ON  rg  CO 

4  m 

00  O'  O 

rg 

CM  co  co 

4  4  m 

m  m  m 

m 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

«  •  • 

•  •  • 

• 

0 

4J 

© 

eg 

r-  co  oo 

co  oo  co 

00  co  on 

4 

O'  4  O' 

4  O'  4 

O'  4  O' 

:£ 

0 

Q 

o 

o 

o  g  g 

eg  eg  co 

CO  4  4 

m 

m  vo  no 

n-  00 

00  ON  ON 

O 

0 

8 

CO 

CO  CO  co 

co  co  co 

co  co  cO 

co 

co  co  co 

co  co  co 

CO  CO  CO 

4 

• 

M 

H 

rg  H  i-4 

ggg 

rg  pg  rg 

rg 

pg  pg  pg 

pg  *g  pg 

pg  rg  rg 

rH 

4J 

O 

w 

W 

4) 

AJ 

o 

OOO 

OOO 

poo 

0 

©oo 

000 

OOO 

O 

pH 

u 

o 

o 

o  o  o 

o  o  o 

000 

0 

000 

000 

OOO 

0 

0 

> 

o 

r-g  eg  co 

st  m  o 

N  00  ON 

0 

rg  CM  co 

4  m  vo 

00  On 

O 

> 

*g 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•g 

H 

ON 

ON  ON  ON 

ON  On  ON 

0 

000 

000 

OOO 

rH 

rH 

H 

H 

rg  rg  rg 

rg  rg  r—4 

r-4  rg  rg 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

rH 

•H 

•g 

s 

X 

4 


ASD-TDR-62- j2 S 


51 


TABLE  5.  PALLADIUM  VERSUS  PLATINUM- 15%  IRIDIUM  THERMOCOUPLES 


w 

AJ 

(0 

AJ 

rH 

o 

2  2  2 

ooo 

o  o 

o 

o 

ooo 

ooo 

ooo 

o 

rH 

0 

o 

o  o  o 

ooo 

o  o 

o 

o 

ooo 

ooo 

ooo 

o 

o 

> 

o 

rH  CM  CO 

<p  m  so 

rs  oo 

ON 

o 

rH  CM  CO 

<t  m  so 

fs  oo  ON 

o 

> 

•H 

• 

•  •  • 

•  «  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

« 

rH 

i-H 

rH  rH  rH 

rH  rH  rH 

rH  rH 

rH 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CO 

• 

rH 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM 

CM 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

CM 

i-l 

CO 

4J 

X 

X 

(tf 

nO 

©  m  m 

<n«#  «t 

CO  CO 

CM 

o 

o  on  oo 

is.  m 

CO  rH  O 

00 

d 

© 

• 

*  •  • 

•  •  ■ 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

o 

0 

o 

ON 

a  ON  a 

t-t  t 

ON 

a 

Os 

a  oo  m 

00  CO  00 

CO  00  CO 

is 

o 

*h 

1— 1 

o 

rH  rH  CM 

CM  CO  CO 

st  a 

m 

m 

no  no  r>» 

fs.  00  00 

ON  ON  O 

O 

AJ 

* 

<fr 

a  a  a 

a  a  a 

st 

a 

a 

a  a  a 

^ 

a  a  m 

m 

§ 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

H  rH  tH 

rH  rH  rH 

rH 

d 

rH 

-too 

O  O'  O' 

00  00 

rs 

SO 

m  a  co 

CM  rH  ON 

oo  so  m 

CO 

o 

• 

•  •  • 

•  •  * 

•  • 

• 

• 

■  •  • 

•  •  • 

•  •  • 

• 

o 

4) 

ON 

ON 

a  ON  a 

ON  CO  00 

CO  00 

co 

00 

co  oo  co 

oo  co  rs 

CM  rs  <M 

is 

ON 

o 

o 

O 

rH  rH  CM 

CM  CO  CO 

st  a 

m 

m 

vo  a  rs 

oo  oo 

On  ON  O 

o 

o 

d 

• 

a 

St 

st  st  st 

<1* 

a  a  a 

<!■  ^ 

a  a  m 

m 

0) 

t-i 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

i-4  rH  rH 

rH  rH  rH 

rH 

a) 

MH 

sO 

so  m  m 

m  a  a 

CO  CO 

CM 

rH 

O  On  OO 

n  no  a 

CO  rH  O 

00 

« 

o 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

(X 

00 

00 

CO  CO  co 

00  CO  00 

CO  oo 

CO 

00 

PO  is  CM 

Ps  CM  Ps 

CM  rs  CM 

sO 

00 

o 

o 

rH  rH  CM 

CM  CO  CO 

st  st 

m 

in 

no  no 

00  op 

ON  On  O 

o 

o 

• 

a 

St  <t  St 

st  st  -t 

st  st 

a 

a 

a  a  a 

a  a  a 

a  a  m 

m 

*" 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

rl  rH  rH 

rH  rH  rH 

rH 

Pu 

rH 

rH  rH  O 

P  P  ON 

00  00 

rs 

SO 

m  ^  co 

NHO 

oo  ps  in 

a 

00 

o 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

o 

01 

rs 

00 

CO  00  CO 

00  CO  ps 

cm  rs 

CM 

rs 

CM  is  CM 

is  m  rs 

rH  SO  rH 

vO 

rs 

01 

o 

o 

rH  rH  CM 

CM  CO  CO 

a 

m 

m 

sO  \0  N 

Ps  OO  00 

ON  ON  O 

o 

o 

u 

• 

-4- 

St  -4-  St 

St  «* 

•a- 

a 

a 

a  a  a 

<fr 

a  a  m 

m 

60 

V 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

rH 

a 

nO 

vO  if)  Ifl 

m 

CO  CO 

CM 

rH 

o  o  oo 

rs  vo  m 

CO  CM  O 

ON 

a 

o 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

o 

*H 

VO 

rs 

CM  Ps  CM 

P>  CM  N 

cm  is 

CM 

is 

CM  N  H 

SO  rH  so 

rH  SO  rH 

m 

NO 

o 

o 

rH  rH  CM 

CM  CO  CO 

a  H" 

m 

m 

NO  NO  S 

ps  00  00 

On  On  O 

o 

o 

a) 

• 

a 

a  a  a 

a  a  a 

a  a 

a 

a 

a  a  a 

^  ^ 

a  a  m 

m 

M 

rH 

rH  rH  rH 

rH  H  rH 

rH  rH 

rH 

rH 

rH 

3 

4J 

h 

aj 

00 

rH 

rH  rH  O 

o  o  <t> 

oo  oo 

rs 

SO 

m  m  co 

CS  1- 1  o 

on  rs  m 

a 

u 

o 

01 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

a) 

m 

0) 

rs 

CM  Ps  CM 

rs  cm  vo 

rH  SO 

rH 

sO 

sO  rH  SO 

o  m  o 

m 

m 

& 

o 

u 

o 

H  H  N 

CM  CO  CO 

st  st 

m 

m 

so  sb  rs 

ps  oo  00 

ON  ON  O 

o 

p 

B 

• 

M 

St  St  St 

st  st  st 

-a  st  st 

a 

a  a  a 

a  a  a 

a  a  m 

m 

H 

«s 

rH 

rH  rH  rH 

rH  H  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

rl  H  H 

rH  rH  rH 

rH 

m 

so  so  m 

m  m  st 

CO  CO 

CM 

rH 

o  P  00 

oo  no  m 

a  cm  —i 

ON 

• 

o 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

• 

p 

00 

a 

vO 

rttfirt 

A  r-4  \B 

rH  SO 

rH 

NO 

r-l  NO  O 

mom 

o  m  o 

a 

4J 

o 

o 

— 1  CM 

CM  CO  CO 

-a  st 

m 

m 

NO  NO  S 

r»  00  00 

on  on  o 

P 

s 

H 

• 

a 

St  't'  St 

a  <3-  st 

a  a  a 

a 

a  a  a 

a  a  a 

a  a  m 

m 

• 

o 

> 

rH 

rH  ^  rH 

H  H  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

rH  rH  rH 

t^4  r-l  i-4 

rH 

•H 

H 

o 

rH  rH  O 

o  o  on 

on  oo 

00 

is. 

in  m  CO 

n  n  o 

ON  00  nO 

a 

H 

o 

• 

•  ■  • 

•  11 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

p 

•H 

CO 

vO 

rH  SO  rH 

SO  rH  in 

©  in 

o 

m 

©mo 

mom 

on  a  on 

a 

co 

X 

o 

o 

rH  rH  CM 

CM  CO  CO 

-a  -a 

m 

in 

sO  sO  ts 

IS  00  00 

p 

o 

• 

a 

St  St  -4- 

a  a  -a- 

3  st 

a 

a 

a  a  a 

a  a  a 

st  a  a 

m 

0) 

AJ 

rH 

rH  iH  rH 

rH  rH  *H 

rH  rH 

rH 

rH 

H  rl  H 

rH  rl  rH 

rH  rH  rH 

rH 

3 

»h 

m 

so  so  m 

m  m  ^ 

■a  co 

CO 

CM 

©  O  ON 

oo  rs  m 

^  CO  H 

p 

o 

o 

• 

•  •  • 

•  •  • 

1  • 

• 

•  •  • 

•  11 

p 

CO 

CM 

m 

p  m  p 

mom 

o  m 

o 

m 

o  m  on 

a  on  a 

on  a  on 

a 

CM 

A 

o 

o 

rH  rH  CM 

CM  CO  CO 

a  -? 

m 

m 

no  nO  nO 

IS  is  00 

p 

p 

◄! 

• 

a 

St  a 

•a-  -a-  -a- 

•a  a 

a 

a 

a  a  a 

a  a  a 

a  a  a 

m 

0 

H 

pH  rH  rH 

H  H  rH 

rH  H 

rH 

rH 

rH  rH  rH 

rH  rH  rH 

H  H  H 

rH 

•fH 

o 

H  H  O 

O  O  On 

ON  00 

co 

rs 

m  m  ^ 

m  cm  © 

ON  00  NO 

m 

« 

o 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

o 

H 

m 

O  to  o 

m  o  -a 

ON  <t 

ON 

a 

on  a  on 

st  on  a 

00  CO  00 

CO 

rH 

M 

o 

o 

rH  rH  CM 

CM  CO  CO 

CO 

a 

m 

m  so  so 

rs  rs  oo 

p 

p 

O 

• 

st  st  st 

■a-  •a'  -a 

a  a 

a 

a 

a  a  a 

a  a  a 

a  a  a 

m 

h 

H 

rH  rH  rH 

rH  rH  rH 

rH  rH 

rH 

rH 

H  rl  H 

rH  r—4  rH 

H  H  rl 

rH 

0) 

> 

m 

vo  vO  >n 

m  m  a 

<t  CO 

CO 

CM 

©  ©  ON 

oo  rs  m 

^  CO  H 

o 

•H 

AJ 

o 

p 

• 

a 

•  •  • 

O'  a  On 

•  •  • 

a  on  a 

ON  < 

ON 

• 

a 

•  •  • 

on  a  « 

co  oo  co 

•  •  • 

oo  co  oo 

CO 

§ 

o 

5 

o 

O  rH  rH 

CM  CM  CO 

CO 

a 

m 

m  nO  no 

rs  ps  co 

p 

p 

1 

a 

a  a  a 

a  a  a 

a  a 

a 

a 

a  a  a 

a  a  a 

a  a  a 

m 

0 

u 

rH 

rH  rH  rH 

rH  r—4  rH 

rH  rH 

rH 

rH 

rH  rH  rH 

H  H  rl 

rH  rH  r-4 

rH 

o 

a 

(0 

AJ 

AJ 

fH 

rH 

o 

ooo 

ooo 

o  o 

o 

o 

OOO 

ooo 

ooo 

o 

rH 

w 

0 

o 

ooo 

ooo 

o  o 

o 

o 

ooo 

ooo 

ooo 

p 

o 

> 

o 

rH  CM  CO 

SX> 

oo 

ON 

o 

rH  CM  CO 

a  m  no 

rs  oo  on 

p 

> 

iH 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

•  •  • 

•  •  • 

•  •  • 

■ 

•H 

rH 

rH 

r-4  i-4  i-4 

rH  rH  rH 

rH  rH 

rH 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CO 

rH 

rH 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM 

CM 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

rH 

-A 

I 


1 


ASD-TDR-62-525 


52 


TABLE  5.  PALLADIUM  VERSUS  PLATINUM- 15T  IRIDIUM  THERMOCOUPLES 


H 

g 

888 

888 

888 

o 

888 

888 

888 

o 

2 

r4 

o 

> 

o 

*-4  CM  CO 

Vt  0  0 

f*  oo  ov 

© 

H  N  0 

xt  in 

0-  00  O' 

o 

> 

•H 

• 

•  •  • 

•  •  « 

•  •  • 

• 

III 

*  •  • 

•  •  • 

• 

*r4 

*1 

rH 

CO 

(0  rt  n 

CO  co  CO 

CO  CO  CO 

Sf  Mt  Mt 

vT 

sf  -r 

m 

• 

CM 

co 

4J 

rM 

£ 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

•4 

£ 

< 

oo 

VO 

i-4  ON  Ci 

m  co  1-4 

oo 

N©  CO  i-4 

ON  NO  CO 

o  c* 

r4 

0 

o 

8 

•  •  • 

CM  fi  CM 

•  •  • 

Cl  1-4  vO 

H  0  H 

• 

m 

*  •  • 

O  10  o 

•  •  • 

•  •  • 

ON  CO  00 

• 

CO 

o 

o 

-r4 

rH 

o 

i-4  rM  CM 

CM  CO  CO 

33$ 

m 

0  0  N 

n  pi  oO 

fe  <*  CK 
in  m  m 

o 

rH 

4J 

• 

m 

m  m  in 

m  m  m 

in 

in  m  in 

m  m  m 

vO 

• 

»-4 

^4  »-4  H 

r4  r4  r4 

H  H  H 

r4 

i-4  r-4  r4 

H  H  r4 

H  H  H 

r-4 

*0 

CO 

HOOO 

V0  •4’  0M 

O  00  VO 

CO 

i-4  ON  VO 

H  « 

m  cm  o 

Pi 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

4) 

ON 

p- 

CM  r4 

0  H  0 

r-4  m  o 

in 

O  0  O' 

O'  CO 

oo  co  oo 

CM 

8 

O 

o 

o 

H  H  CM 

CM  CO  CO 

333 

in 

0  0  0 

N  N  M 

00  O'  OV 

o 

0 

• 

in 

m  in  in 

m  m  in 

m 

m  m  m 

10  10  10 

m  in  m 

vO 

0 

b 

r-4 

*■4  r-4  r-4 

H  H  H 

H  r4  r4 

»-4 

H  r-4  H 

H  H  H 

r4  H  r4 

r-4 

0) 

44 

oo 

Mn  co 

HOOO 

in  <o  i-4 

On 

VO  rH 

O'  VO  CO 

h  oo  m 

CM 

«S 

o 

ao 

• 

N© 

•  •  • 

H  0  H 

It* 

0  H  0 

•  •  • 

O  10  o 

333 

3 

•  •  • 

O'  0  O' 

•  •  • 

CO  00  co 

00  CM  Pi 

• 

CM 

080 

o 

o 

*-4  r4  CM 

CM  CO  CO 

0  0  0 

pi  n  oo 

Op  9\  On 

in  in  in 

o 

• 

in 

in  m  in 

m  in  in 

in 

in  m  m 

m  m  m 

NO 

• 

• 

* 

t-H 

*■4  r-4  r-4 

r4  ^  r4 

r-4  r-4  r-4 

i-4 

r4  r4  H 

r-4  r4  r4 

H  H  H 

H 

PM 

><r 

CM  O  Ov 

vo  in  CO 

1-4  00  vo 

i-4  On  Pi 

0HOl 
•  •  • 

SO  CO  O 

Pi 

CO 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

• 

o 

4) 

n 

« 

r-4  VO  O 

in  o  m 

O  O' 

3 

ON  co  oo 

CO  00  CM 

Pi  CM  Pi 

•4 

n 

• 

o 

o 

iM  H  (S 

CM  co  co 

333 

0  0  0 

pi  1*1  op 

m  m  in 

00  O'  O' 

o 

O 

u 

• 

m 

in  m  in 

in  m  in 

m 

in  m  in 

m  m  in 

vO 

M 

« 

r4 

r4  r-4  r-4 

H  r-4  r-4 

t-4  »-4  r-4 

»-4 

i-4  r-4  r4 

r4  H  r-4 

r4  r-4  r-4 

r—4 

<5 

ON 

n  in 
•  •  • 

HOOO 

NO  (O  r-4 

ON 

r«*  *4-  cm 
•  •  • 

ON0 
•  •  • 

1-4  oo  m 

CO 

a 

o 

• 

•  I  I 

•  •  • 

•  •  • 

• 

O 

t4 

VO 

m 

OlflO 

0Ovt 

ON  <  ON 

3  3  3 

CO 

oo  co  oo 

CO  Pi  CM 

Pi  »-4  NO 

r-4 

8 

O 

o 

r-4  r-4  CM 

CM  CO  CO 

m 

0  0  0 

Pi  Pi  00 

oo  ov  O' 

o 

ft 

• 

m 

m  in  m 

m  m  in 

m 

m  m  in 

m  in  in 

m  in  m 

NO 

• 

u 

H 

*•4  r-4  r-4 

i-4  r-4  »-4 

i-4  r-4  »-4 

□ 

i-4  »-4  r-4 

r-4  r-4  1-4 

r-4  r-4  r-4 

rH 

0 

u 

b. 

H 

cd 

00 

-f 

MHO' 

MA  n 

r4  ON  P* 

CM  O  1 

10  CM  O' 

Pi  CO  i-4 

00 

u 

o 

0 

•  •  • 

•  •  • 

•  •  • 

1 

•  •  • 

•  ♦  • 

•  •  • 

• 

o 

l 

m 

4) 

in 

o  m  ov 

St  ON 

CM  CM  CO 

On  CO  00 

CO 

00  CO  Pi 

N  c-  h 

0H0 

o 

10 

o 

b 

o 

H  H  H 

333 

m 

in  no  vo 

n  n  oo 

00  O'  O' 

o 

o 

B 

• 

at 

m 

m  m  in 

10  10  m 

in 

m  m  in 

m  m  «n 

m  m  m 

NO 

• 

0) 

H 

3 

r-4 

p4  r*4  r4 

H  H  H 

i-4  r-4  H 

r— 1 

i-4  r-4  rH 

r-4  r-4  r4 

r4  H  rl 

i-4 

ON 

IM  0  < 

•  •  • 

CM  O  CO 

0  ‘t  N 
•  •  • 

o 

N0CM 

ON0 

CM  O'  0 

CO 

• 

o 

• 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

a> 

3 

83  2 

OV  <*■> 

00  (0  00 

C0 

N  CM  Pi 

M  0  H 

vO  O  0 

8 

3 

4J 

o 

CM  CM  CO 

3  33 

m 

0  0  0 

n  pi  oo 

oo  O'  O' 

H 

• 

m 

m  in  m 

in  m  m 

m 

m  in  in 

t0 10 10 

i0  i0  i0 

NO 

• 

o 

> 

H 

Hr4r4 

r-4  ^4  i-4 

r4  H  H 

1-4 

H  H  H 

i-4  r-4  r4 

i-4  r-4  r-4 

r-4 

H 

>r 

N  H  O' 

pi  in  co 

r4  ON  P* 

m 

CM  O  00 

10  CM  O 

Pi  ^  H 

ON 

1-4 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

♦H 

co 

3 

Ov  st  00 

co  00  co 

00  CM  Pi 

CM 

Pi  CM  NO 

r-4  V©  r-4 

10  O  10 

ON 

co 

X 

o 

O  1-4  r-4 

CM  CM  CO 

3  33 

m 

0  0  0 

n  n  oo 

00  O'  ON 

O' 

o 

m 

in  m  m 

m  m  m 

m 

m  m  m 

m  in  m 

in  m  «n 

m 

4) 

44 

t-4 

H  »-4  H 

r-4  r-4  r-4 

i-4  »-4  r-4 

r-4 

r-4  ^4  r4 

r-4  *— 4  r-4 

r4  H  r-4 

i-4 

3 

H 

o 

«  0  <0 

CM  H  ON 

rv  ^  cm 
•  •  • 

o 

oo  m  CO 

H  OO  0 

NON 

sf 

o 

o 

• 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 
H0O 

•  •  • 

• 

o 

00 

CM 

3 

oo  co  oo 

<0  00  CM 

cm  pi 

CM 

NO  i-4  sO 

004 

ON 

CM 

M3 

o 

O  *-4  r-4 

CM  CM  CO 

3  33 

m 

0  0  0 

N  N  0Q 

m  m  in 

Op  On  On 

in  in  m 

ON 

O 

<< 

• 

m 

00  m 

000 

m 

10  10  10 

m 

0 

r-4 

»-4  r-4  H 

H  H  H 

»4  i-4  r-4 

r4 

r-4  i^  H 

H  H  H 

H  H  H 

r-4 

1-1 

m 

Cl  H  O 

00  MO  Mt 
•  •  • 

CM  O  00 

m 

CO  r*  00 

M3  CO  O 

00  10  CM 

ON 

0 

o 

• 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

• 

o 

O 

H 

co 

00  CO  00 
OHH 

CM  CM 

rv  n  0 

r4 

>o  i-4  m 
in  no  vo 

O  10  o 

4  O'  4t 

00  Clp  on 
m  »n  m 

ao 

H 

b 

o 

o 

<M  CM  (0 

3  33 

in 

n  pi  op 
m  m  in 

O' 

o 

O 

• 

m 

m  m  m 

m  m  m 

«n 

m  m  m 

m 

PH 

r-4 

H  H  H 

H  r-4  r-4 

H  H  H 

i-4 

r-4  r-4  H 

^4  H  i-4 

H  H  H 

r4 

0 

> 

o 

oo  so  m 

CO  i-4  ON 

«n  co 

r4 

OO  M3  CO 

H  OV  0 

0  O  N 

Mt 

•H 

o 

• 

•  •  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  « 

•  •  • 

• 

Q 

4J 

8 

CO 

r''  CM  N 

CM  Pi  r-4 

0  H  0 

r4 

10  O  10 

O0O' 

4t  ON  CO 

ao 

o 

Q 

o 

OHH 

CM  CM  CO 

3  3  3 

m 

0  0  0 

ri  n  n 

333 

ON 

o 

s 

• 

m 

m  m  in 

m  m  m 

<0 

m  m  m 

in  m  m 

m 

• 

s 

L 

r-4 

H  H  H 

r-4  r4  r4 

r-4  ^4  »—4 

r4 

H  H  H 

H  H  i-4 

H  H  H 

r-4 

a 

ao 

« 

0 

4J 

4J 

r4 

M 

r-4 

o 

8 

OOP 

o  o  o 

888 
-O  in  vo 

888 

2 

888 

888 

sss 

2 

r-4 

O 

> 

o 

-H  CM  <0 

1  00  Ov 

© 

-H  Cv|  CO 

^00 

N  00  O' 

o 

> 

i4 

• 

•  •  • 

•  •  • 

•  •  • 

• 

f  •  • 

•  •  • 

•  •  • 

• 

i4 

r-4 

CO 

CO  CO  CO 

CO  CO  CO 

co  co  co 

-r 

Hf 

>$■  -3- 

nj-  <r 

m 

r-4 

i-4 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

r4 

i4 

X 

ASD-TDR-62-525 


53 


PALLADIUM  VERSUS  PLATINUM- 15X  IRIDIUM  THEEMOCOUPLES 


CO 

CO 

4J 

4J 

pH 

0 

o 

o 

©  ©  © 
o  5  o 

§88 

§88  § 

888 

§88 

o  o  o 
o  o  o 

8 

pH 

0 

> 

o 

•-t  (N  n 

in  vo 

oo  os  C 

•  rH  CM  PO 

4m* 

P»  00  OS 

o 

> 

•H 

• 

•  •  • 

4  4  4 

•  •  • 

•  •  •  • 

•  •  • 

•  •  • 

• 

•H 

pH 

in 

in  m  in 

m  in  m 

m  in  in  < 

i  sO  sO  so 

sO  sO  sO 

so  sO  sO 

n- 

pH 

rH 

fi 

X 

eM 

CM  CM  CM 

CM  CM  PM 

cm  cm  pm  fs 

NN  N 

CM  CM  CM 

CM  CM  CM 

CM 

rH 

£ 

H 

»  IAN 

OS  SO  CS 

os  so  <s  0 

>  in  rH  N 

•4  0* 

r-l  00  <4 

OS 

O 

• 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

4  4  4 

•  •  • 

• 

o 

o 

PO 

N  (SI  h. 

H  \0  H 

mom  c 

s  -4  os  <n 

oo  n  s 

CM  SO  rM 

in 

o 

H 

o 

O  fH  i"H 

pm  cm  co 

co  -4  -4  < 

JS  in  so 

so  r>  n 

00  00  OS 

OS 

pH 

• 

sO 

sO  sO  •£> 

SO  SO  sO 

so  SO  sO  Si 

>  sO  sO  sO 

SO  sO  sO 

so  SO  SO 

so 

4 

rH 

H  H  H 

H  H  H 

rH  r*H  rH  r* 

rH  rH  rl 

rH  i—4  H 

rH  r-H  rH 

»H 

r>. 

<4  O  I'- 

^  H  00 

rH  N  < 

I-  o  so  cn 

OS  m  rH 

n*  po  os 

m 

o 

• 

•  •  • 

•  •  • 

4  4  4 

•  •  •  • 

4  4  4 

•  •  • 

• 

o 

£ 

CM 

NNO 

i— 1  sO  O 

mo<f  c 

s  <fr  00  CO 

N  CM  N 

rH  sO  O 

m 

OS 

o 

o 

O  rH  rH 

CM  CM  m 

cn  4  < 

in  in  so 

SO  N  N 

oo  oo  os 

os 

o 

vO 

sO  so  sO 

sO  SO  sO 

sO  vO  sO  w 

3  sO  sO  sO 

SO  SO  sO 

sO  sO  sO 

vO 

• 

rH 

H 

H  H  pC 

H  H  H  i“ 

■4  H  rH  rH 

H  H  H 

pH  H  pH 

rH 

CSI 

OS  SO  PO 

o  so  n 

O  so  csl  0 

S  SO  CM  00 

4  rl  * 

CM  00  -O’ 

o 

o 

•  4  4 

•  •  • 

•  •  • 

•  4  #  4 

•  •  • 

•  •  • 

• 

o 

00 

CM 

vO  H  SO 

Hino 

in  cs  ^  o 

3  PO  00  CM 

P'  CM  SO 

rH  in  o 

m 

CO 

o 

o 

O  «-H  r-4 

CM  CM  PO 

P0  co  -4  < 

r  in  in  so 

vo  n  rs 

oo  oo  os 

os 

o 

sO 

so  vO  so 

so  sO  sO 

sO  sO  sO  si 

3  so  sO  so 

so  so  SO 

sO  sO  so 

sO 

H 

H  H  H 

H  H  H 

H  rH  rH  r 

H  iH  H  H 

i— H  rH  rH 

rH  rH  rH 

pH 

r«* 

m  .-1  oo 

m  esi  os 

in  rH  00  1/ 

1  H  N  CO 

OsOH 

040 

sO 

o 

• 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

•  •  • 

•  •  • 

• 

o 

rH 

vOrim 

o  in  os 

•d-  OS  PO  c 

3  co  cm 

rH  sO 

o  m  o 

r^. 

o 

o 

O  rH  »— 1 

CM  CM  CM 

CO  CO  st  < 

r  in  in  so 

vO  P"*  Is* 

oo  ao  os 

<5 

o 

• 

vO 

sO  so  so 

so  SO  so 

so  sO  so  s 

3  SO  sO  so 

sO  so  sO 

so  sO  SO 

vO 

• 

rH  rH  rH 

rH  i-4  H 

rH  rH  rH  r 

H  rH  rH  ^ 

rH  rH  rH 

rH  rH  rH 

pH 

m 

O  cn 

H  Is*  "41 

O  rs  n  c 

5  sO  csl  Os 

^  rH  N 

n  os  m 

rH 

o 

• 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

•  •  • 

•  •  • 

• 

o 

sO 

»M 

sO  O  so 

O  -4  OS 

d  oo  m  a 

0  CM  4-  r-l 

SO  rH  in 

O  4  OS 

•4 

SO 

o 

o 

OH  H 

CM  CM  CM 

co  po  *<0  h 

r  in  in  so 

so  f* 

oo  ao  oo 

Os 

o 

• 

SO 

SO  SO  so 

sO  SO  sO 

so  sO  so  V 

3  SO  sO  sO 

sO  sO  SO 

so  SO  sO 

sO 

• 

Pm 

i— 1 

H  H  H 

H  H  H 

rH  rH  rH  r 

H  rH  rH  rH 

rH  rH  rH 

rH  pH  ^4 

rH 

CO 

00 

m  cm  os 

sO  CM  OS 

in  cm  oo  u 

1  CM  00  -4- 

rH  CM 

os  m  r-l 

SO 

o 

0) 

4  4  4 

•  •  • 

•  •  • 

•  •  •  • 

•  •  • 

•  •  • 

• 

o 

in 

0) 

o* 

no-4 

po  oo  cm  r 

-  CM  SO  rH 

so  o  m 

Os  4  Os 

m 

m 

o 

© 

O  rM  f— 1 

H  CS|  CM 

co  po  '•d  < 

h  in  in  so 

VO  N  N 

r-  oo  oo 

os 

o 

• 

sO  sO  SO 

SO  iO  sO 

so  sO  sO  s 

3  sO  sO  sO 

sO  SO  sO 

so  so  SO 

sO 

• 

£ 

H 

iH  H  H 

H  H  iH 

rH  rH  rH  r 

H  rH  rH  rH 

r-4  r-4  rH 

rH  rH  rH 

rH 

po 

r-l  00  -4 

H«om 

r-t  00  <t 

a  p*  cn  o 

so  cm  ao 

4  0* 

CM 

• 

•  •  • 

•  ■  • 

4  1  4 

•  •  •  • 

•  •  • 

•  •  • 

• 

o 

3 

o 

m  os  -4 

OS  CO  GO 

po  r*  cm  r 

*»  rH  SO  rH 

m  o  <4 

Os  -4  00 

CO 

•4 

Q 

o 

O  O  *-H 

H  CM  CM 

po  po  -d  < 

c  m  m  so 

*  Is  P 

oo  oo 

Os 

O 

• 

vO 

SO  sO  so 

sO  sO  sCi 

so  sO  so  s 

5  sO  SO  so 

SO  so  sO 

so  so  SO 

sO 

• 

rH 

H  H  rH 

H  H  H 

rH  rH  rH  r 

H  rH  rH  rH 

rH  rH  rH 

rH  rH  rH 

rH 

OS 

so  n  os 

sO  CO  O 

SO  CO  O  M 

D  CM  os  m 

rH  N  CO 

Os  m  r-l 

o 

m 

• 

Os 

•  •  • 
^  os  n 

•  •  • 

00  PO  00 

•  •  • 

CM  CM  M 

•  4  4  4 

D  rH  in  o 

•  •  • 
in  as 'd* 

•  •  • 

oo  tn  oo 

• 

CM 

8 

o 

Os 

©  o  .-1 

i-l  cs|  CM 

PO  PO  <  N 

t  in  in  so 

so  so  r** 

r-  ao  oo 

Os 

o 

m 

sO  sO  so 

sO  SO  SO 

sO  so  so  s 

3  sO  sO  sO 

sO  M3  sO 

sO  vO  s© 

sO 

• 

H 

H  rH  H 

r-4  H  H 

r4  rl  H  r 

H  rH  rH  fH 

H  pH  rH 

rH  rH  rH 

rH 

■4 

-h  co  m 

•-I  os  in 

rH  00  m  r 

-l  00  -4-  o 

sO  PI  os 

m  o  n* 

<n 

o 

• 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

•  •  • 

•  •  • 

• 

o 

CM 

Os 

4oon 

oo  csi  n- 

Cs»  so  *H  s 

3  o  m  o 

d  O'  n 

oo  n  n 

CM 

CM 

O 

Os 

O  O  1-1 

H  CM  CM 

po  co  <t  ** 

t  mmso 

vO  vO  Is* 

Pr  00  00 

Os 

o 

m 

sO  sO  sO 

sO  sO  sO 

sO  sO  sO  s 

3  so  sO  so 

so  SO  sO 

sO  sO  sO 

vO 

• 

H 

H  H  H 

H  H  H 

H  H  H  p 

-4  rH  rH  rH 

H  rH  rH 

tH  rH  pH 

rH 

Os 

sO  CO  O 

N  H 

-4  O  r 

^  co  os  m 

CM  00  -4- 

O  so  CM 

00 

o 

• 

•  •  • 

•  •  • 

•  •  • 

•  4  4  4 

•  •  • 

1  4  4 

• 

o 

00 

co  oo  co 

rs  CM  N 

rH  SO  *-H  K 

n  o  os 

4  ®  n 

00  N  4s 

rH 

pH 

o 

Os 

O  O  r-l 

H  CM  N 

PO  co  - 

t  mmm 

*  *  Is 

00  oo 

Os 

o 

• 

in 

vO  sO  vO 

sO  so  sO 

so  sO  so  v 

3  sO  sO  so 

so  so  so 

S0  sO  S0 

vO 

• 

H 

H  H  H 

rH  rH  rH 

rH  rH  rH  r 

H  rH  t-4  rH 

rH  H  H 

H  H  H 

rH 

-4 

h  os  m 

cs|  Os  so 

CM  OS  sO  C 

M  os  m  r-l 

P-  -4  O 

SO  r-l  ao 

•4 

« 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

4  4  4 

•  •  • 

• 

o 

Q 

00 

n  n  n 

N  r4  vO 

r-l  m  O  1 

■l  Os  -O'  Os 

cn  ao  cn 

cm  so 

rH 

o 

OS 

OQH 

rH  CM  CM 

co  co 'd 

t  m  m 

vO  sO  Is* 

r-*  oo  go 

Os 

o 

• 

m 

sO  so  sO 

<0  M) 

sO  sO  sO  v 

3  so  sO  sO 

sO  so  sO 

sO  sO  sO 

sO 

• 

H 

H  H  H 

rH  rH  rH 

rH  rH  H 

■H  H  H  H 

p-4  ^  rH 

rH  H  rH 

rH 

« 

4J 

« 

4J 

H 

0 

g 

8  8  8 

888 

888 

i  888 

888 

O  O  O 
O  O  O 

8 

rH 

O 

> 

<-•  cm  <n 

-4  m  so 

r-  oo  os  i 

5  rM  CM  <n 

4m* 

NflO  OS 

O 

!» 

•H 

• 

4  4  4 

•  •  • 

•  •  • 

•  4  4  4 

•  •  • 

•  •  • 

• 

•H 

m 

m  m  m 

mmm 

mmm 

O  sO  so  SO 

sO  sO  sO 

sO  sO  sO 

r* 

pH 

pH 

cm 

<S  CN  N 

CM  CM  CM 

CM  CM  CM  * 

M  CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

rH 

•H 

•H 

X 

Pm 

o 

CM 

cn 


C 

o 


9 

•n 

4) 

d 

4) 

u 

4) 

«-l 


(0 

4) 

4) 

M 

t>0 

41 

a 


4) 

3 

«i 

n 

4) 

8 

H 


O 

> 


X 

4> 

4J 

9 

H 

o 

CO 

$ 

d 


« 

o 

u 

o 

Cm 

4) 

> 


O 

4> 


ASD-TDR-62-525 


54 


TABLE  5.  PALLADIUM  VERSUS  PLATINUM-  15X  IRIDIUM  THEBMOCOUPLES 
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TABLE  6.  PALLADIUM  VERSUS  PLATINUM- 1 51  IRIDIUM  THERMOCOUPLES 
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TABLE  6.  PALLADIUM  VERSUS  PLATINUM- 15%  IRIDIIM  THERMOCOUPLES 
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